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Growth-temperature dependence of electrical and luminescent properties 
of high-quality GaSb grown by liquid-phase epitaxy 
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Research Institute of Electrical Engineering, National Tsing Hua University, Hsinchu, Taiwan 300, 
Republic oj China 
(Received 2 January 1992; accepted for publication 10 April 1992) 
The growth-temperature dependence of electrical and photoluminescent properties from 
high-quality GaSb layers grown by liquid-phase epitaxy has been studied. At the growth 
temperature of 600 “C!, a hole concentration of - 1 x 1017 cmv3 is obtained and the 16 K 
photoluminescence spectrum is dominated by the line BE2 at 802.9 meV associated with 
excitons bound to acceptors, and a stronger band-acceptor emission band at 777.8 meV. With 
reducing the growth temperature, the hole concentration gradually decreases, as does the line 
BE2 in the photoluminescence spectrum. The GaSb layer conduction converts from p to n with 
a minimum hole concentration of 2-6 x 1015 cm-3 when the growth temperature is below 
450 “C. The line D located at 808.2 meV, due to a donor-bound exciton transition, becomes 
dominant and the band-acceptor emission becomes very weak at lower growth temperatures. 
The is the first report on the growth-temperature dependence of the excitonic transitions from 
high-quality GaSb layers. 
I. INTRODUCTION 
Much attention has been given to GaSb and its related 
ternary and quaternary alloys as attractive candidate ma- 
terials for optoelectronic device applications in the near- to 
middle-infrared wavelength range. Although investigations 
in laser diodes and photodetectors utilizing the 
AlGaAsSb/GaInAsSb and GaInAsSb/GaSb heterostruc- 
tures have been carried out by many authors,ia problems 
still remain with the growth of device-quality single-crystal 
GaSb, and electrical and optical properties of these GaSb 
epitaxial layers remain unclear.5 
Unintentionally doped GaSb grown by the solution- 
growth method from a stoichiometric or Ga-rich solution 
is naturally p type in the range of 10” cmw3. The high 
background carrier concentration has often been attributed 
to native lattice defects (i.e., Sb vacancies) or antisite de- 
fects (i.e., Ga atoms on Sb sites) .6*7 This acceptor has been 
identified to be doubly ionizable with ionization energies of 
34.5 and 102 meV for the first and second holes, respec- 
tive1y.s” Many workers have reduced the growth temper- 
ature TG of liquid-phase epitaxy (LPE) to low tempera- 
tures ( TG = 300-400 “C) to decrease the hole 
concentration about one order of magnitude,‘&‘* whereas 
others mentioned n-type conductivity for low-temperature- 
grown layers.13-15 Takeda, Noda, and Sasaki16 proposed 
that p-type conductivity is an intrinsic property of AlGaSb 
material at growth temperatures above 350 “C. The hole 
concentration is strictly related to the growth temperature 
asp - e -E~‘kT~, where E,4 is the activation energy and 
EV4 = 0.47 eV. At 350 “C, this carrier concentration is 
slightly greater than 1016 cmm3. The presence in the layer 
of extrinsic unintentional impurities either p or n type may 
modify the resulting conductivity. I6 
Previous reports on electrical characteristics of GaSb 
have drawn attention to the difference in growth tempera- 
tures, but there has been no systematic study in the 
growth-temperature dependence of photoluminescence 
(PL) from GaSb layers. The aim of the present paper is to 
describe new information about excitons as well as accep- 
tor levels in low-temperature PL spectra from high-quality 
layers grown by LPE. 
II. EXPERIMENT 
GaSb epitaxial layers were grown by LPE using a slid- 
ing boat system under a flowing hydrogen ambient. The 
gallium melt with adequate antimony was first baked at 
700 “C for 10 h to obtain low carrier concentration and 
high photoluminescence intensity in GaSb epitaxial layers. 
The liquidus temperature was determined by visual obser- 
vation through the gold-coated transparent furnace. The 
substrates were undoped or Te-doped ( lOO)-oriented GaSb 
with a carrier concentration of 3-6 x 10” cmm3 and an 
etch-pit density of less than 5 x lo3 cmw2. Before growth, 
each substrate was first contacted with an unsaturated 
GaSb solution for 3-5 s by in situ etching to remove the 
thin residual oxide layer on GaSb surface. The epitaxial 
layer was immediately grown by means of supercooling 
techniques with a - 5 “C supersaturation and a cooling rate 
of 0.5 “C/min. The growth temperature was varied from 
360 to 600 “C. The thickness of GaSb epitaxial layers 
grown during a tixed growth period of 5 min was typically 
34 pm. Electrochemical capacitance-voltage (C-V) and 
PL measurements were carried out to characterize the 
GaSb epitaxial layers. Details of growth conditions and 
characterization techniques are given elsewhere. “*‘* 
Ill. RESULTS AND DISCUSSIONS 
Figure 1 shows the room-temperature carrier concen- 
tration of undoped GaSb epitaxial layers grown from Ga- 
rich solutions as a function of growth temperature. It in- 
dicates that the GaSb layers exhibit p-type conduction at 
high growth temperatures, and that the hole concentration 
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FIG. 1. The room-temperature carrier concentration of undoped GaSb 
epitaxial layers grown from Ga-rich solutions as a function of growth 
temperature ( TG= 360-600 “C). 
decreases drastically from - 1 X lOI to - 4 x 1015 
cme3 upon lowering the growth temperature from 600 to 
450 “C. On further reducing Ta the conduction type is 
converted from p to n, with a typical electron concentra- 
tion around 8 x 10” cme3. The origin of n-type conduo 
tion is still unknown, whether it is due to fewer intrinsic 
defects related to a Sb vacancy or to the presence of more 
extrinsic donor impurities such as Si.t9 Our carrier concen- 
trations are one to two orders of magnitude lower than 
those previously reported at these growth tempera- 
tures ~0,16~0,21 
Figure 2 shows the growth-temperature dependence of 
PL spectra measured at 16 K for undoped GaSb epitaxial 
layers grown at temperatures of 530, 450, and 360 “C. All 
the PL curves are normalized to the same PL peak inten- 
sity. The 16 K PL spectra are dominated by the narrow 
emission band arising from two partially resolved excitonic 
lines denoted as D and BE2 and located at 808.2 meV 
(1.534 pm> and 802.9 meV (1.544 pm). An increase in the 
temperature gives rise to a decrease of PL intensity of line 
BE2 but to an increase* of line D. However, no displace- 
ment of the emission peak energy is observed. These ob- 
servations strongly suggest that line BE2 is due to radiative 
recombination from excitons bound to neutral acceptors, 
as reported previously.9y’1’22 The energy position of line D 
is slightly smaller than the value of 810 meV ( 1.530 pm) 
which is the free-exciton energy in GaSb at 4 K, but it is 
slightly larger than the reported value of 805.4 meV ( 1.539 
pm) of line BE1 which is also due to excitons bound to 
neutral acceptors. ’ 1J2 Thus we attribute the line D to be 
the transition of excitons bound to donors with a donor 
binding energy of -2 meV.” A weaker band denoted as d 
is located at 777.8 meV (1.593 pm> and is related to native 
lattice defects in GaSb. The A-band maximum shifts 
slightly to higher energies and the full width at half- 
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FIG. 2. The growth-temperature dependence of PL spectra measured at 
16 K of undoped GaSb epitaxial layers grown at temperatures of 530,450, 
and 360 “C. All the PL curves are normalized to the same PL peak in- 
tensity. 
maximum (FWHM) of band A decreases as the excitation 
intensity increases. In addition, the intensity of band A 
decreases with increasing temperature. Band A has the fea- 
tures of donor-acceptor (D-A ) pair emission.‘.” The tran- 
sition at 748.5 meV (1.657 ym) is attributed to a longitu- 
dinal optical (LO) phonon replica of band ,4 and is 
denoted as A-L0.23 The luminescence observed at lower 
energies includes a weak but unidentified band U located at 
743.3 meV (1.668 pm) which may be due to deep 
acceptor-related transitions. 
In Fig. 2, band A and lines D and BE2 strongly depend 
on the growth temperature. The excitonic emission lines 
are more intense than band A. The ratio of the emission 
intensity from the dominant excitonic line to that from 
band A is 3 at TG = 530 “C and 10 at TG = 360 “C. The 
increase in PL intensity of band A at higher growth tem- 
peratures is clearly correlated with the higher residual hole 
concentrations in the GaSb layers, as shown in Fig. 1. The 
ratio of the peak intensity is higher than the best results 
reported for GaSb grown at various temperatures’“>21’24 or 
by various growth techniques.25-27 
The growth-temperature dependence of the 16 K PL 
spectra in the wavelength range from 1.50 to 1.58 pm for 
the undoped GaSb layers is shown in Fig. 3. All the 16 K 
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FIG. 3. The growth-temperature dependence of the 16 K PL spectra in 
the wavelength range from 1.50 to 1.58 pm for undoped GaSb layers 
( 7’, = 360-600 ‘C) . All the 16 K PL spectra are normalized to the same 
main peak intensity. 
PL spectra are normalized to the same main peak intensity 
and are dominated by the two excitonic lines D and BE2., 
At S;; = 600 “C, line BE2 is dominant and line D is a shoul- 
der of line BE2 in the high-energy side. When the growth 
temperature is lowered, the relative intensity of line D 
gradually increases to be comparable with that of line BE2 
at TG = 500 “C. Line D starts to be dominant and line BE2 
becomes a weak wing of line D as T, is reduced to 360 “C. 
As mentioned above, lines D and BE2 are interpreted to be 
due to transitions of excitons bound to donors and accep- 
tors, respectively. We have also shown that the undoped 
GaSb layers give p-type conduction at high growth tem- 
peratures and that the carrier concentration decreases with 
lowering growth temperature. Therefore, line BE2 is dom- 
inant at high growth temperatures, and its relative PL in- 
tensity with respect to line D decreases with lowering 
TG This is the first report on the growth-temperature de- 
pendence of the excitonic transitions from high-quality 
GaSb. 
IV. CONCLUSIONS 
We have demonstrated the relationship between car- 
rier concentration, band-acceptor transition, excitonic lines 
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D and BE2, and growth temperature for high-quality un- 
doped GaSb grown by LPE. A high hole concentration 
associated with well-known residual acceptor defects is ob- 
tained at higher growth temperatures but can be lowered 
by reducing growth temperature. Layers exhibit n-type 
conduction at growth temperatures less than 450 “C!. The 
low-temperature photoluminescence spectrum is domi- 
nated by two excitonic lines D and BE2 which are domi- 
nant at low and high growth temperatures, respectively. 
Meanwhile, the relative PL intensity of the band-acceptor 
emission decreases upon reducing growth temperature. 
The D-A pair emission is much weaker than the excitonic 
lines even at TG = 600 “C. 
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